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Al ANALYTICAL STUDY CP WING AuD TAIL LOaDS
ASSOCIATED WITH AN TLIVATOR DREFLECTION

By H. A, Pearcon and J. 3B, Garvin
SUMMARY

The equations relating the wing and tall loads are
derived for the type of control movemeat that proceeds
at a constaat rate to a maximum value and tauereafter re-
mains constant. These equations are then used to compube
the variation with time of the wing and tail loads for
the BT-9% airplane; each of the imgortant parameters is
varied in turn in the computations., Zguations are derived
for the determination of the maxiuwum increments of the wing
load, the down-taill load, and the mp-tail load folliowing
a given elevator displacement.

For a given elevator displacement, the results indi-
cate that the greater the rate of elevator movement the
greater 1s the down-tail load and that a rearward shift
el the center of gravity causes an increase in both the
wing load and the upward-acting tail load.

IJTRODUCTICN

The opinion has often been expressed that the design
load re,uirements of tnil surfaces do not have the same
rational basis as the reguirements for other important
parts of tne esirplane. It is felt that the reouirements,
in the case of the horizontal tail surfaces, should not
only take 1lato account the ceometric ani the aerodynamic
properties of the surfaces but should alsc have some in-
timate relationshin with the wing design load factor.

In order to achieve this relationship, it is neces-
sary to determine both ithe wing load that accompanies a
fiven elevator deflection and the maxinvrm effective angle
of atfack that occurs at ths tail swface when both linear
velocities and angular velocities are combined. There-
tore, a rational determination of the tail load must some-
how ta''e into account not only the stability charccteris-
tics of the airplane bui also the manner in which the
Pilot a@actually moves the controls.



As early as 1921, Case and Gates (reference 1) had
investigated the problem of determining tlhe tail load from
a rational basis and, although their paper included a
series of design charts, they concluded that the number of
factors upon which the maximum tail load depended was too
large for any simple generel formula to be given and that
it was impossible to correlate the maximum tail load with
the subsequent maximum wing loed. Since that time, a nun-
ber of related papers (references 2 to 8) have eppeared;
these papers have correlated the wing load with the stick
force (see reference 2) or with the tail loesd. In most of
the papers, either insufficient results are given for de-
termining the effect of a wide variation in the rate of
elevator movement on the tail load (see references 4 and
5) or elavator dispiacement functions have been so chosen
(see references 6 and 8) that the rate of movement 1is
variable along the path. For these functlons 1t 1is im-
possible to isolate the effect of elevator movement on the
tail load.

A consideration of the problem of determining the
maneuvering tail loads for various types of airplane in-
dicates that a desirable approach would Ue:

1, Determine the variables that, from theoretical
considerations, apvear to be the most important in deter-
mining the tail load.

2., Having determined these variables, find by experi-
ments conducted on an actual airplane, the parameters of
which are accurately known, the effect of each variable
in tura on the tail load.

3. Obtain statistical data regarding actual amounts
and rates of elevator deflections at various air speeds
for various airplane types.

The present paper covers step 1 of the outlined in~-
vestigation, includes methods of computing the variation
of wing end tail loads, and gives numerical results of the
application of the theory to the BT-9B airplane. Finally,
theoretical formulas are developed and charts are given
for computing the maximum increments of wing load, the
down-tail load, and the up~tail load following a given
elevator displacement.
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The following is a list of the symbols employed in
paper:

7

S

S

airplane welght, pounds
wing area, souare feet
tail area, sguare feet

wing span, fest

acceleration of gravity, feet per second zer second

airplane mass (¥/g), slugs

iy

radius of grration of alrplane, feet

rtia (mkya).

o
[47]

pitching moment of in lug-feet?

tail distance frow center of gravity of alrplane
to aerodynamic center of tail, feet

‘airplare velccity, feot per sacond

mass density of air, slugs per cubic foot
dynamic pressure (1/20 V®), pounds per square foot
tail efficiency factor (gq,/q)
lift, pounds

Lift coefficient

Pitching-noment coefficient of airplane less
horizontal tail

wing angle of attack, radians
tail angle of attack, radians
angle of setting of tail surface, radians

elevator arsrle, radians

downwash angle, radians
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flight-vpath angle with horizontal, radians
angle of pitch (a+¥)}, radians

empirical constent denoting ratio of damping
moment of complete airplane to damping moment
of tail alone

airplans load factor
time, seconds

With subscript 1, ¢ indicates time of maxi-
mum elevator deflection; with prime ('), ¢
indicates & particuler time. The notations
a and &, € and 6, ¥ and Y denote
single and double differentiations with re-
spact to time,.

constants occurring in basic differential equa=-
tion

roots of basic differential cquation

constants of integretion in solution of differ-
ential equation

FooF, ,Fy,T5 empirical factors used in determining maximum

values of angles

Subscripts:

initial value
mexinum value
down load
zero lift
geometric
tail

THZORETICAL RELATIONS BEITWEEW WING AND TAIL LCAD

The mathematical treatment of the longitudinal motion
of an airplane following an elevator movement involves
three simultaneous nonlinear differential equations. The
correct solution of these equations must be obtained eilther
by series substitution or step-by-step methods. A close
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approcximation to the correct solution can be obtained if
it is assumed that, in the interval betwecen the start of
a pull-up and the attaiament of maxipur loads on tne wing

and tve tc1l surfaces, nzither the initial velocity nor
i

the initial attitude changes materially. These assump-
tions, which eliminate one of the three eguatiors of mo-
tion end e trigomometric coefficizunts in the othar two

afford a considerable saving in labor when a
1ber af cases are to be investiszated. 1n adail-
stumptions agree qualitatively with experimeun-
resultis ané have besn generally used in iLrcat-
tudinal motion of an airplane followiang a con-
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The following method, which maialy employs well-known
resulis, might cconcaivadly be uceful at that stage of the
design where numerical values of the lcad are reqguired buat
where results of msdel teets are uasvailadle., Undsr such
coatitions most of tre aerodynamic pziramsters of the air-
prlans that enter 11230 tiae problem musi by determinced from
other sources. DSouwz of these paransters can oec cetermined
with & high degree of accuracy; wher:es others, rotably
ths downwash fuctor, the tail efficiirey rfector, and the
slone of the »nitching-momant curve, cananot te obtainzd
wi the seme sccuracy.
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Ir € sign conventions ol figure 1 are used, the
followiang equations awnoly to the steady-fiight condition:
éCy

“ cos Y - —— a,q3 = O (1)
da

~2 dCLJ' ) -
~ 5 b Ac . day | v
vmq —-:—"*' - Qg (l - T"\+ '1t+ sunat 50 i(ntq)stxt = 0 (2)

o dayg \ da / : as 4
Eguation (1) represents the summstion of the forces per-
pendicular to the ianstarntansous flicht path and egustion
(2) reprecents the moments about the center of gravity.

>

In accordauce with the assumpiion that there is no
loss in soe¢ed during the pull-up, ths corresponding dynamic
equations can be written as

W cos (Y

+L0Y) - (g + Aa) oS + r¥V = 0 (3)

0
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(c i VYN W M. (agraa) (1 - dey 2%t de Xy K, 4.
¢ d(], A dat i da/ ‘v Q V vnt
d’.l{- '; "
—t{ ) )8 - 2 =0 (4
+ 15 P AS)j(ﬂtq, txt nky 6 (4
Thz ternm containing a is introduced to correct for the
effect of lag in downwash at the %ail, and the term con-
taining © is iatroduced to account for the chansze in
taii angzle due to rotation,.

If equations (1) ard (2) are subtracted from equa-
tioas (%) and (4) end 1f it is assuced that only a small
chance in attitude takes vlace (so that cos (Yo + &Y) =
cos Y), the following eouations of motion are obtailned:

. acy,
YV - —& Ao oS = O (5)
ca
deA Sa,iGLt:; fi de ) _gXt g 6“1.__~+__—A67( a)Sex
da Y%, TN T 4a/ YT g T, as Ntd/9g
-ka2 =0 (6)
from figure 1 the following relations are seen to
exist
§ = (a, + da) + (Yo + &Y)
&= a + ¥ r (7)
S =4+ v
U
Thus, from equations (5) ana (7)
. . . dCL S
Y =6 - a= -2 Agq = (8)
do mV
and
o o o aCy .
rr'ze-a.=“bc.q-§- (9)
da mV

If equctions (8) and (9) are substituted into egua-
tion (&), the terms containing &, &, Aa, and A5 are
Sexs rv sated) and, i€ the resulting equation is divided by

'MAY -1, there is obtainegd
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. * ! s i
& + 6 | t tIt on, ¥V /£ .Cl-.E.\ar_...Lg_Va.I
Lda, 2 \/jip do /) da J
2 Tacy 52 %Cny Sty 2e 80, _Q_.SXt I
= - ba | —8 g2— {n, ¢)——=(1 > !
5 L do Iv dat t I \ da Ca vﬂtg o J
-
- dCy S 3
i i tXt | .
= A (lO/
s!_ m (n,q) |
For simplicity, eguation (10) is written as
& + Kia + Xpba = Ki06 (11)
which is the equation for = damped oscilletion with an
impressed force wheare
v [CLy Sgx® s g L !
Kl:%_[d k.2 nt\\“-/‘”:_;'%)"y do. SE '
[<}] rLt Y '\/nt 1}
., C )
< = C
v abp  s? Lt £Xg de dCy, x o Szy 1;
Kp= - T >+ nt“”“7;| l--— ) - —= = i> ? (11a)
2m da =ky~b dat k" LN do da vﬁ% < m
J
X 3 'ovr’v d.CL Stxt ‘{ s
> " zm | as "¢ .2 ]

. . /
It may be noted here that, when derivatives are con-
siderecd, ii is immaterial whether a or Ao is usead,
Becavse most of the results will be €iven as increments of
angles, the rotation 4a and A5 ‘will be retained except
where derivatives are used. If, in equation (11), 48 is
eXxpressed as a function of t and, in particular, if it
is assumed that the elevator displacement curve is composed

of a constant gradient up to a valus of Aﬁmax occurring

at time t; and thercafter is held at a constant valuve,
the following conditions for determining the constants of
integration exist.

In the first interval between t = 0 and ¢t = t.,
AS = zz Aﬁmax; and at t = O, Ao = & = 0.

In the second interval, where ¢t > ty and 48 = 48,4,



thz conditions for dctermining the constants arc that at
t = t;, da, &, and A& arc givean by the values obtained
from the first interval, When the roots of Ja+K d+¥zba

r
ar: complex, that 1is, of the form a*ib, as will be the
case with sirnlences that are lougitudinally stabdle, ths
solution of the differentisl e¢uation for the first intoer-
val (t < t,) 1is

5 PR ! ; K e \ n
bo=—r8E = eati —icos bt - %«a—l+l sin bt +t- ?i (12}
t,X3 - Ka N / __! 2

If equation (12) is differentiated and simplificd by
introducing the squivalent values of KX, and Kz, then

5. oxKs T ' N
. T8 3 at at -
— ?/l-e cos bt+ e & sin bt )| (13
Lo L\ . b |

In the scecond interval, where t > t, and &8 = Adyax,

the complete solution of equation (11) is

K. 08
Lo = cat(A cos bt+ B sin bt)4~—i;;g§£ (14)
2

where 4 and B are constants of integration,

If equation (14) is differentiated,

2% [1aa + bB) cos bt + (ab = DbA) sin bt ] (15)

[e)

If the values that apply at t = t; are assigned to ALa
and &, equations (l4) and (18) may be solved simultane-
ously for the numerical valuss of the constants of inte-
gration A ard B, which are then inserted into the
gauations that apply for the second interval. LEguations
(12) aad (14) enable a determination of ths increment in
wing angle of attack, while sguations (13) and (15) give
the rate of change of the angle of attack following the
particuiar type of control displacement adopted. The in-
crements of t}e wing load and the load factor are then
found from the aquations

acy,
8L = —= bugS (16a)
an = S°L Laqg (160)
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It is seen from the bracketed term in equation (6)
that, in order to determine the effective tail angle of
attack at any time, the pitching velocity and the rate
of change of the wing angle of attack must first be known,
If substitutions are madec from cquations (7) and (8) into
this term, the increment in effective tail angle of at-
tack at any time is

de 4Cy S Xt N\ . Xt /de 1, dag 1
A =,'A (1 - - L= - &= (S5 = Y —Lasi (17a)
g L @ da da 2 m /my J 7 \da Vﬁt/ as |

The value of Ada; given in equation (17a) is to be in-

sarted in the equation

aCy,
Lay nyqS (17v)

AL, =
t
dat

to obtain the increment in tail load at any time.

The pitching angular velocity from equation (8) is
seen to be
SV

m

» dC
§= & + ho —E
da

(18)

o

Although eguations (12) to (15) are solutions for a
particrlar type of elevator movement, other analytical
displacement functions that give somewhat simpler solutions
are availabvle, (See references 6 and 8.) In these simpler
functions, however, the rate of movement varies along the
displacerent curve so that its effect on the tail load
cannot be directly determined, The following equations are
general, allow for all types of elevator movement, and are
subject to the assumptions previously listed, They may be
derived from a consideration of a succession of small ine-
crements of elevator impulse 6(t)dt.

K. - - :
Aa:-si Jkea(t' t)sin'o(t'-t) a(t)}dt (19)
J,
]
K3 gl ¢

» s '—
a==2 /" Jla sind (t'-t) + b sinb (t1-4)]e2(t 1")zs(t)} at (20)
-
The evaluation of general equations (19) and (20) is
most readily obtained by integrating curves of the values
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appearing within the braces plotted against the quantity
t'-t. Such an integration gives the value of A4da or o«
at the time t?¢.

APPLICATION OF THE TiI'ZORY

Fractical flight considerations indicate that certain
guantities appearing in equations (lla) must be considered
as variables with a given airplane., These gquantities, not
necessarily listed in the order of their importance, are
as follows:

(1) Mass density of air p

(2) Adrplane speed V

(3) Airplane mass nm

(4) Pitching moment of inertia I (:kaz)
(5) Rate of elevator deflection d&/dt
(6) Increment of elevator deflection AS

(7) Slope of the pitching-moment curve dCn/da
(veriation is due to changes in the center-of-
gravity mosition)

(8) Slopc of the 1ift curve dCL/da (variation is

due to changes in the thrust component that
coutributes tno the lift)

(9) Tail efficiency factor mny (variation is due to
changes in thrust condition)

(10) Downwash factor dc¢/do (veriation is due to
changes in the thrust condition)

A& number of calculations werc made to determinc the
relative effects of each of these variables on the wing
and tail loads for the 5T-9B airplune., A drawing of this
airplane is shown in figure 2. For all the czses consid-~
ered, the pertinent parsmeters and their numerical values
are listed in table I, The reguired asrodynamic parameters
were availlable from unreported tests made in the full-scale
wind tunnel and the other values listed were available by
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measurement or were arbitrarily assigned. The range cov-
ered by these variables is the range that might be covered
under actual flight conditions.

Figure 3 shows the computed changes from the steady-
flight condition in the wing angle of attack, the effec-
tive tail angle of attack, and the angular velocity for
cases 1, 2, and 3 of table I due to a 159 deflection of
the elevator, The variables covered in this figure are
the air speed and the rate of elevator deflection.

Figure 4 shows the effect of varying the altitude at
two different dynamic pressures corresponding to indicated
velocities at 125 and 150 miles per hour, with only the
medium rate of elevator movement being used., Figures 5
through 10 show the results of varying the moment of iner-
tia, the airplane mass, the slope of the 1ift curve, the
downwash factor, the center-of-gravity position, and the
tail efficiency factor. In figures 4 to 9, case 4 of tadle
I was used as the basis for comparison; in figure 10, case
1l of table I was used.

In figure 3, it is seen that the maximum effective
negative increment of tail angle of attack markedly in-
creased with an increase in the rate of elevator deflec-
tion; whereas, for a given dynamic pressure, the maximum
wing angle of attack remained almost unchanged with the
rate of elevator movement. An increase in the air speed
caused: (1) a decrsase in the maximunm negative value of
the effecctive tail angle of attack and (2) a proportional
increase in the maximum angular vclocity. Because of this
behavior, the maximum increment of load on the wing and the
positive increment of load on the tail would be propor-
tional to the dynamic pressure for a given rate and amount
of elevator deflection, but the maximum negative increment
in tail load would be slightly less than proportional to
the initial dynamic pressure.

From figures 5, 6, and 7, it is seen that the assumed
changes in the moment of inertia, the airplane mass, and
the slope of the 1ift curve, respectively, caused only

~slight additional changes in the wing and the effective

tail angles of attack and only slight additional changes in
the angular velocities. A more marked affect is apparent
in figures 4, 8, 9, and 10, where the altitude, the down-
wash factor, the center~of-gravity position, and the tail
efficiency factor, respectively,were varied. It must be
remembered, however, that the changes apparent from these



figures do not negessarily represent the relative impor-
tance of each of the variables because the percentages of
changes considered were not equal but were taken as the
changes that might be obtazined in the contemplated flight
tests.

Teole I1 presants the percentage of changse in tae
maximum wing lcad and in the maximum positive and negative
tail lcad for interpolated l-percent changes in each of
the variables, case 4 besing usced as the standard of com-
parison., Althowngh this table summarizes the quantitztive
effcct of slisht changes in each variable from case 4 of
table I, these chaanges mnst be taken as qualitetive for
other flight conditions of the BT-9B airplane and for other
airnlanes,

Pefore conclusions as .to the reclative importancec of
the variables are drawn from an inspection of tabdle II, it
must be recogaized that certain variasbles may be more ac-
curately obtainable than others., For this reason, thosc
variables that are less accurately knowan, such a2 the down-
wash factor and the taill efficiency factor, nay acquire
greater importance in order %o provide for thas probable
errcr in the derived values, It appears that, for egual
rates anG amounts of elevator deflection, the center-of-
gravity position is of the greetest importance; the down-
wash facter, the air speed, and the teil efficiency factor
are of approximately cjzuval importence but are somewhat
less important than the center-~of-gravity position in de-
termining the wineg ard the tail loads.

LQUATIONS ¥WOR DETERMINING MAXIMUM LOADS

s#lthough the preceding sections have given the sim-
plified thesory and its application to the computation of
the load variation with time, the values of principal in-
terest rom structural considerations are the maximum in-
crements of load on the wing and the tail following a
given control deflecction., Eqguations and factors for de-
termining the theoretical meximum lurds are as follows?

Maximum Wine Load Increment

Reference to equation (14) indicates that the incre-
ment of the wing angle of attack, and as & consequence the
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wing load, is determined by the addition of a damped os-
cillatory term and a constant term that depends on the
elevator deflection. The oscillatory term is so heavily
damped,* however, that after a few seconds (figs. 3 to 10)
its effect has practically disappeared and the increment

in the wing angle of attack quickly approaches a final
value equal to ¥z/Kp 8p,4. If the values for Ky and EKEj

given by equation (lla) are substituted into equation (14),
there is obtained the following equation for the final val-
ue of Aa:

daCy,
Y oas
as max
bafingl = (21)
/de\'l><Sb\ Lei /o den L kK peg *¢
-2 (= Y-t (i-de )k K p8 —
\da / NN A Sixy da LN  da do /My 2 /S
[~ ~ e ey J u ~
1 2 3
This value may be inserted in the equation
dCy, A
qAa
da

(22)

[+]
il
[
+

W/s

to obtain the resulting load factor following an elevator
deflection A8y,y. Kaul and Lindemann in reference 4 have

given an equation similar to eguation (21) except for the
first term in the denominator. Although the order of im-
portance of the terms in the denominator of equation (21)
will in most cases be 2, 3, and 1, computations indicate
that the effect of the first term may sometimes be as
large as that of the third term.

With the exception of dCp/da and de¢/da, all of
the quantities involved in equation (21) for a given case
can be determined with a satisfactory degree of accuracy
or are specified by the geometrical characteristics of the
airplane,

From figures 3 to 10, it is seen that the airplane,
in oscillating about the final value of bda, first reaches

*As a direct result of the assumptions employed, only the
short-period highly damped oscillation appears in the equa-
tions, -
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a maximun value of A“max' In order to account for this
maximum value, the value of Jdayijpsyl eiven by eguation

(21) can be increased by the use of the correction factors
given in figure 11, These factors were obtained by first
noting from fisure 3 that the time shift of the values of
bdapay from that of an instantaneous deflection to that

for any other rate of deflection was approrximately egqual
to t,, the time required to reach the maximum elevator
deflection, This result, together with the knowledge that
the natural period of vidbretion about the final trim con-
dition is equal to 2n/b, places the time at which 2La
reaches a maximum as aporoximately egual to ¢, + m/b. By
a somewnat long and tedious derivation, not essential to
this paper, the multiplying factor for equetion (21) was
found to be closely glven by

K1 2) fo h e
\ 1/
F(): l+e 4&2-?:12/4 /

The factor as given applied best when ¢, z O 5 and for
the usual range of stebilities where ¥, £ K /4., For val-
ues outside this range the factor is obviously incorrect,
Figure 11 shows the factor ¥, plotted azainst t, for
various values of K, and ratios of ¥, /:2 thet are
likely to exist in an actual case. Alternztive*y, the max-
imum inecrement in the wing angle co1¢ be found by comput-
]

™
a few velues of 4o near the time t.14

AIKQ-K12/4

with the use of equation (14) for this purpose.,

ing

>

Maximum Down-Tail Load Increments

Reference to figure % indicates that, with rapid
rates of elevator deflection, thez maximum down-tail load
inecrement occurs when maximum deflection is reached; where-
eg, with the slower rates, the maximum increment aciually
occurs Defore the maximum deflection. OUn the besis that
the maximum tail increment occurs at time t,., equation
(17a) could be rewritten as

A8 Ks [ ie dC 5 : K B
b, oAlmnz Eep (g &€ 4010 8 \.- Jurfn, Ly das Kat o
Y47 t, Ko do  do 2 m JAy 7 *Y \au .f“/ a6 Kz

where T, and Fpz would be the values multiplying the
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quant ity Op.xKs;/t; Kz of equations (12) and (13) when
t = tl' .

As may be noted from the figures, substitution of
t, for 't would yield too low a valiue of the down-tail
angle if the elevator motion were slow. 4n analysis of the
results of the computatioans, together with the equations
involved, indicated that the maximum down-tail angle will
occur either at the time t; or near the time given by
0.4m/b, depending on which value is the smaller., The
value O0.4m/d 1is near the quarter period of the oscilla-
tion,

Figure 12 gives the valuss of F, and 7, computed
by substituting these two values of time into equations
(12) and (13). The faired parts of the curves were ob=
tained by applying the value t; and the horizontal por-
tions were obtained by using the value 0.4m/b for the
time, The approximation to the maximum theoretical value
¢f the down-tail angle obtained by the substitution of the
value O0.4m/b for the time 1is not so close, however, as
the approximation factor previously given for the wing
angle,

Maximum Up~-Tail Load Increment

Reference to figures 3 to 11 indicates that the up-
tail load increment has two values of interest: a maxinmum
value that occurs during the first oscillation of the air-
Plane anc & final steady value that occurs when the air-
plane is traveling at a constant angle of attack and a con-
stant angular velocity. In the final steady state, the
rate of change of the angle of attack is zero; therefore,
in equation (17a), which gives the effective tail angle,
the middle term becomes zero. If the value A“final

given by equation (21) is substituted for Oba in equation
(17a; and the resulting expression is simplified, it is
found that the final increment of up~tail angle is very
nearly equal to

dCy, |

o
IAS .

Equation (24) indicates that the final up-tail load
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inecrement following a control displacement depends almost
directly upon the slope o the pitening-moment curve for
the airplane without the toil in place. Such a variation
of the final value of the teil lcad precludes the possi-
bility of givins the maxinum value as a factor times the
steady value, the procedure previously used with the wing.
A reasonable method seems to be to divide the maximmm:
value into two partsi the steady value already given and
an additional value %o bz eadded to this given value.

~although it is drpossible to give this extra incre-
neat exactly by eny short exoression, the following expres-
sion has becen found $to give 2 reasoually close approxina-
tion '

] _, k
b { 0.9m 5 }g
RIS P
! 3 r I . {
s 42 ) ¢ \V Be-iy 7jd (25)

This value was determined from an analysie of. the ecuations
involved 28 well as of the computed results, and it will

be seen that the exponential time facter is similar to that
przviously given in the determination of Fo for tae wiag
and is subJject to the same limitations as that factor.
Figure 13 gilves the variation of tane exponentiasl factor

F, (the braciketed tcrm of eguation (25)) with t, for

various values of X; and X,/ /EKp.
DISCUSSION OF BUATIOCHS OF HaXIMUM-LOAD INCREMENYS

The: equations given include most of the factors re-
guired for the determinstion of the maximum load valunes of
the wing and the tail following & glven type of elevator
movement, - Because some of the cuantitiess that appear vary
only slightly between airplanes.‘it may be poseible upon
the completion of proposed flight tests to introduce aver-~
ags velues in the equations that wlll make them appear less
formidabdle,

It is obvious that, in any well-lalzcued design, the
conirols should be capable of beinz moved sufficiently by
the pilot to maneuver the airplane to the applied load
factor at all air speeds within the unstalled-flight range.,
The necessary relation between th: elevator deflection and
the load factor can be obtained from -equations (21) and
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(22), and the up=-tail load is then found from expressions
(21), (24), and (25). Although the down-tail load incre-
ment is related to the wing load factor through t he incre-
ment of elevator deflection, it depends so markedly on the
rate of movement that the rate must be known or assigned
in advance,

At present, little is known regarding the rates of
elevator deflection encountercd under normal conditions
except that a finite length of time (of the order of 0.2
sec) is required to apply the necessary force in even the
quickest maneuver with the controls both aerodynamically
and statically tvalanced. It seems reasonable to expect
that, even though the controls zre moved as rapidly as
possible, the effective rate of movement would be slightly
reduced owing to aerodynamic lag. Further, it can be ex-
rected that the rate of movement would be decreased with
an increase in the size of the airplane because of an in-

crease in the inertia of the contrel system.

Particvlarly severe tail loads can be built up if,
after 2 movement of the elevator and during the time that
the airplane is traveling on a curvilinear rath, the ele-
vator is abruptly reversed to an opposite position. This
type of movement, under certain conditions, could result
in a tail-load increment more than twice the value obtained
with the single throw, Such movements are unusual and
therefore probably of small concern, It should be noted,
however, that, in a normel maneuver such as a pull-up, the
elevator is returned to neutral more or less rapidly at
some time after the initial upward displacenent. If this
return to neutral is made at about the time of the maximum
upward lcad due to damping, substantial upward increment
of load may be added to that already existing., Because of
these possibilities, the horizontal tail for small maneuver-
able airplanes should probably be designed to withstand
load increments incurred in a push-down, pull-up condition
that would cover the flight V-G envelope from a negative
to a positive value of g&. The loads for the large airplane
should be designed for a similar meneuver, but the rates
of movement should be consideradly lower,

Langley Memorial Aeronautical Ladboratory,
National Advisory Committee for deronautics,
Laugley Field, Va.
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CHARACTERISTICS USED IN THE COMPUTATIONS

Characteristics held constant
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VARTATION IN LOADS FOR CASE Y4 CAUSED BY SEFARATELY CEANGING EACH

TABLE

I

OF A NUMBER OF PARAMDTERS 1 PERCENT

Percentage of changs in

Maxinum in- Maximum nega=- | Maximm posi-
Veriable chenged crenent of tive increment | tive increment
wing load of tail load of tail loed
Center-of-gravity
position k.65 0.97 21.91
Airplene airgpeed, V 2.00 1.97 2.00
Downwash factor, ‘
d¢ /da. 099 023 - 031
Slope of 1lift curve,
dCL/dG, - 028 - 006 -O’-l»
Tail efficiency
factor, 7, 22 -~ .48 B2
Airplene mass, m J8 .08 -7
Moment of inertia, I 09 58 22
Altitude 06 +05 11
L
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Figure 3.- Effect of rate of elevator deflection and air speed

on increments of wing and tail angle of attack,.

Cases 1,2, and 3.
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